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Abstract
This study used molecular techniques to examine the diversity of fungal species
inhabiting leaf and stem litter of the freshwater emergent macrophyte, Typha
angustifolia, during decomposition. Because morphological identification of fungal
species is frequently inaccurate and underestimates the number of fungal species present,
molecular techniques involving rRNA genes such as ITS regions (internal transcribed
spacer regions) are used to better determine specific fungal species within a sample. In
this study, samples of decaying leaf and stems litter of Typha angustifolia were obtained
from Independence Lake, Michigan over the span of a year. DNA from litter samples
obtained from the months of October (early), March (intermediate), and August (late)
decomposition stages were extracted using MoBio PowerSoil© DNA Isolation Kit,
followed by polymerase chain reaction (PCR) amplification of the fungal ITS region
using ITS3 and ITS4 primers. The presence of PCR products were checked by agarose
gel electrophoresis and then subjected to denaturing gradient gel electrophoresis (DGGE)
to identify all varying DNA fragments (i.e., fungal operational taxonomic units, OTUs)
that were amplified. A total of 34 and 63 operational taxonomic units (OTUs) were
observed in Typha leaf and stem litter, respectively. NMDS statistical analysis using
Jaccard index statistics revealed a significant (p> 0.001) shift in fungal communities
associated with decaying Typha leaf litter, indicating that there is a succession in certain
fungi during the stages of decomposition. In contrast, no observable successional pattern
was observed in fungal communities associated with decaying Typha stems (p<0.504).
Future efforts will be directed at cloning and sequencing individual bands in order to
identify the species present. This data in conjunction with measures of respiration, fungal
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biomass and production will allow greater understanding of the quantitative role of fungal
decomposers in carbon and nutrient cycling in wetland ecosystems.
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Chapter 1: Problem Statement
Fungi are key organisms involved in biogeochemical cycling within ecosystems.
These organisms are responsible for decomposing dead organic matter (detritus) and
reintroducing it into the environment through the mineralization of various essential
elements, such as carbon, nitrogen and phosphorus. Fungi are pervasive microbial
decomposers and structurally embed their somatic bodies into their food source by
forming extensive mycelia networks. Because of fungi’s unique morphological nature, it
is only through reproductive spore production that fungi can be properly identified into
various taxa. As a result, morphological identification of fungal species is difficult and
often times inaccurate on the degree of species diversity within an ecosystem. However,
taxonomists have progressed to classifying organisms more efficiently with the use of
molecular techniques (Hebert et al. 2003), which represents strong potential for species
identification of fungi in a variety of environments.
Because fungal decomposers play an important role in carbon and nutrient cycling
in ecosystems, it is important for biologists to understand fungal diversity associated with
plant litter and how diversity changes through time (i.e. succession). Interest in the role
of fungal decomposers in freshwater emergent wetland has increased over the last several
decades (Gessner et al. 2007). However, identifying specific fungal species within these
ecosystems has primarily been based on morphological methods rather than the more
efficient and accurate molecular techniques. A full and accurate understanding of fungal
diversity in an area could help biologists and conservationists identify problems within
ecosystems including problems regarding species loss (Letourneau 2010).
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Molecular analysis of fungal communities in relation to understanding fungal
community diversity and other ecological processes is a fairly new ambition among
mycologists. Most literature regarding molecular-based fungal community analysis
comes from litter decomposition studies conducted in freshwater stream ecosystems. To
date, very few studies have applied molecular-based techniques to characterize fungi
within freshwater wetland ecosystems. As a result, this project involves a molecularbased examination of fungal community structure associated with decaying standingdead litter of the freshwater emergent macrophyte Typha angustifolia. This molecularbased examination will include extraction of environmental (microbial) DNA from Typha
angustifolia litter and polymerase chain amplification of DNA using fungal specific
primers that target internal transcribed regions (ITS) gene sequences. Resulting PCR
products will then be analyzed by denaturing gradient gel electrophoresis (DGGE) to
provide a community based profile of fungal communities within samples.
In this study, we hypothesize there will be different fungal taxa present on T.
angustifolia throughout its senescence and decay for both leaves and stems. This
hypothesis is drawn from previous studies that have shown changes in nutrient
composition (nitrogen and phosphorus) within the macrophyte throughout its senescence
(Su et al. 2007, Kuehn et al. 2011) which could greatly affect which fungal species are
able to grow throughout decomposition.
The purpose of this research is to gain a better understanding of fungal diversity
(variations in fungal taxa) in freshwater marshes throughout senescence and decay. This
data is pivotal to integrating species diversity data with other measures of fungal
ecological processes, such as biomass and rates of fungal production and respiration.
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Once the degree of fungal diversity is determined, collaborations with other studies can
be made to compare how changes in fungal diversity impacts carbon flow and nutrient
cycling patterns, as well as how fungal species variation and species loss can affect the
overall health of wetland ecosystems. Once fungal diversity has been quantified, cloning
techniques and sequencing can be used to identify the specific species present at different
times of senescence and decay.
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Chapter 2: Literature Review
Freshwater Wetlands
Freshwater marshes often occur at the boundary between terrestrial and aquatic
environments (Gulis et al. 2009), and they are identified by the overwhelming presence
of grasses and sedges (Mitsch and Gosselink 2007). Because marshes exhibit various
water depths, freshwater marsh vegetation is distributed in distinct banding patterns
(Keddy 2008). Two of the most common emergent macrophytes in freshwater marshes
are Typha (cattails) and Phragmites (common reeds) (Gulis et al. 2009). One Typha
species, Typha angustifolia (narrow-leaved cattail) can grow in water up to 1 m deep
(Mitsch and Gosselink 2007).
The large quantity of grasses and sedges in freshwater marshes are responsible for
the high rates of primary production (Gulis et al. 2009). As a result, freshwater marshes
are considered one of the most productive ecosystems on the planet (Kuehn 2008). A
number of animal species inhabit freshwater marshlands including birds, mammals, and
reptiles (Keddy 2008); however, herbivory does not parallel the number of primary
producers (Mitsch and Gosselink 2007). As a result, most primary producers decompose
before entering the food chain (Kuehn 2008). Microbial organisms are responsible for
the breakdown and mineralization of freshwater marsh plants and serve as important
mediators for reintroducing nutrients into higher trophic levels (Kuehn 2008).
Microbial organisms (i.e. fungi and bacteria) do not just incorporate the plant
organic matter into their own biomass. Decomposition by fungi and bacteria reintroduce
nutrients in multiple forms. Nutrients can present themselves in fungal and bacterial
biomass, through fine particulate organic matter (FPOM), though dissolved organic
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matter (DOM), or through respiration and thus the formation of CO2, PO4-3, and NO3+
and other inorganics (Figure 1) (Kuehn 2008). Some FPOM and aggregated DOM to
form FDOM can be used by heterotrophic microorganisms in the environment as a way
to obtain essential nutrients (Mitsch and Gosselink 2007).

Figure 1. Carbon and nutrient flow from emergent wetland plants (Kuehn 2008).

The Fungal Role in Freshwater Wetlands
Emergent macrophytes decompose in two locations spatially: while still aerially
on the plant and after the plant or plant part has collapsed and is submerged (Kuehn
2008). Studies have explored the microbial assemblages responsible for the
decomposition at each location, and fungi have been shown to play a major role in the
decomposition of these plants with estimates of fungi accounting for more than 90% of
7

microbial biomass in standing-dead and collapsed litter (Gulis et al. 2009). Based on
egosterol level studies, a strong decrease in fungal biomass is present between the two
phases (Gulis et al. 2009). This sharp decrease suggests that the fungal species between
the two spatial phases shifts in order to adjust appropriately from a terrestrial condition
and an aquatic condition (Gulis et al. 2009). Also, fungal species diversity has been
exhibited spatially on various plant organs and locations on the plant, which suggests that
fungal species change in response to environmental conditions (i.e. water exposure,
temperature, salinity) in addition to the plant organs’ intrinsic chemical composition (i.e.
lignin amounts, available nutrients, etc) (Gulis et al. 2009).
Previous studies have concluded that 22% of the carbon from T. angustifolia
leaves is converted into fungal biomass and more than 50% of nitrogen and phosphorus
can be immobilized into fungal biomass during leaf litter decomposition (Kuehn et al.
2011). The first seven weeks of decay of T. angustifola showed a 20% decrease in the
amount of carbon, 61% in nitrogen and 77% in phosphorus (Kuehn et al. 2011). These
significant and fairly rapid changes in the amount of available carbon, nitrogen, and
phosphorus levels of T. angustifolia are likely to cause shifts in the types of fungal
species present throughout senescence and decay. In addition, this study found that fungal
biomass (determined through egosterol concentrations) increased throughout senescence
and decay (Figure 2) (Kuehn et al. 2011).
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Figure 2. Egosterol and glucosamine concentration of standing T. angustifolia
over one year (Kuehn et al 2011).
.
Fungal diversity on emergent macrophytes has been primarily based on the
identification of morphological structures of fungal species. Morphological identification
includes identifying reproductive structures (i.e. ascomata, basidiomata, etc.) directly in
the field or by culturing samples in a laboratory setting (Gulis et al. 2009). Using these
morphological techniques, high species richness has been reported on standing-dead
emergent plants (Ryckegem et al. 2007). For example, by combining information from
multiple studies, over 600 fungal species have been recorded from the common reed,
Phragomites australis (Kuehn 2008).

Species Identification of Fungi
To date, mycologists have identified approximately 74,000 species of fungi
accounting for approximately 5% of the widely accepted estimate of 1.5 million fungal
species (Kennedy and Clipson 2003). This lack of species discovery is due, in part, to the
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microscopic nature of fungi and their frequently imbedded association with their
substrate. These problems, along with the lack of trained mycologists, have made
identification of fungi extremely difficult, causing many mycologists to not include
species identification into their research (Gulis et al. 2009). Morphological identification
of fungal species relies on the presence of reproductive structures. Therefore,
morphological species identification is dependent on mycologists’ ability to induce the
production of reproductive structures, which may not always be possible (Seena and
Pascoal 2010). In addition, the amount of spores produced is not an accurate
representation of actual fungal activities and abundance because active mycelia do not
always release spores (Bärlocher 2010). Ultimately, relying on reproductive morphology
does not accurately represent the species present.
New molecular and chemical methods for identifying fungi provide mycologists
with new methodological tools for identifying fungal communities, such as rDNA gene
sequencing (Kuehn 2008). Molecular techniques have been used to identify a number of
other organism species (Hebert et al. 2003). Mycologists have shown the accuracy
between morphology and DNA analysis in terms of fungal species (Letourneau et al.
2010). Identifying fungi community composition can help mycologists understand how
specific species contribute to the ecological and biogeochemical processes (Kuehn 2008)
as well as help conservationists and biologists understand reasons for species loss
(Letourneau et al. 2010).
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Denaturing Gradient Gel Electrophoresis
Because molecular analysis of fungi is a relatively new endeavor, many
mycologists are working to determine which techniques give appropriate results. These
methods includes using polymerase chain reaction with primers specific for fungi
followed by either terminal restriction fragment length polymorphism analysis (T-RFLP)
or denaturing gradient gel-electrophoresis (DGGE) (Nikolcheva and Bärlocher 2003).
T-RFLP does not give specific fungal species, but only overall phylotype (the
evolutionary relationship), which is helpful when determining species richness
(Nikolcheva and Bärlocher 2003a). DGGE, however, can distinguish differences in
sequences down to one nucleotide (Bärlocher 2010). These varying sequences that are
amplified by fungal-specific primers are coined operational taxonomic units (OTU)
because these distinctions between the sequences may not always indicate actually
variation in species type (Bärlocher 2010). However, DGGE methods allow specific
fungal species and even strains to be determined by comparing the DNA sequence
obtained to a genomic database (Nikolcheva and Bärlocher 2003b). According to a
previous study, the use of OTUs to identify fungal species varied from 69 to174 OTUS
while reproductive morphological identification could only account for 12 to 41 species
(Bärlocher 2010). Many of the species identified through sequencing of OTUs has lead to
the discovery of fungal taxa in environmental samples that had never been observed
morphologically (Bärlocher 2010).
Denaturing gradient gel electrophoresis (DGGE) differs from general gel
electrophoresis because it denatures the amplified DNA at a variety of locations based on
its base composition, which allows even sequences of similar sizes to display themselves
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separately (Nikolcheva and Bärlocher 2003b). DGGE can be used to determine the
number of genes (and thus various phylotypes) within the sample. In addition, the
densities of various bands may correlate with the abundance of that particular phylotype
(Bärlocher 2010). In DGGE, an acrylamide solution and a low-denaturant solution is used
to create the gel (Nikolcheva and Bärlocher 2003b). After the gel has been made and
some of the PCR samples have been mixed with dye, the gel is run. A former study
suggests a voltage of 40 V for 16 hours (Nikolcheva and Bärlocher 2003b). DGGE
shows how many fungal phylotypes (i.e., bands) are present in the sample, and thus how
many sequences will need to be sequenced to identify which specific fungal species are
present in the sample. By using DGGE, gene diversity can more accurately be visualized
rather than simply relying on gene size as is the case with traditional agarose gel
electrophoresis (Nikolcheva and Bärlocher 2003b).

Primers for Molecular-based Fungal Species Identification
When determining fungal diversity using molecular techniques, primers specific
for fungi that are also high variable among closely related species is critical. Many
mycologists suggest using an internal transcribed spacer (ITS) primer. The ITS primers
are specific for spacer region between DNA encoding for ribosomal subunits (Bridge
2002). The ITS region sequence is successful for determining fungal species because the
sequence is highly variable in length and in base composition (Kennedy and Clipson
2003). The nearby rRNA gene regions flanking the ITS region is highly conserved among
all fungal species to which “universal primers” can bind, ultimately amplifying all fungal
species (Gardes and Bruns 1993). Mycologists have also used 18S primers for species

12

identification which allow for the amplification of the 18S subunit, a component of the
eukaryotic small subunit (Nikolcheva and Bärlocher 2003b). However, the ITS region is
more variable in sequence and length, thus making it a better DNA barcode (Kennedy
and Clipson 2003).
It should be noted that many primers, such as ITS, are “molecularly biased” to
certain fungal species, making it difficult in choosing primers (Stockinger et al. 2010).
However, ITS currently stands as the most common primer for amplifying fungi for most
community based studies, despite the potential biases (Bärlocher 2010, Bärlocher et al.
2009, Gardes and Bruns 1993, Kennedy and Clipson 2003, Raviraja et al. 2005, Seena
and Pascoal. 2010, Seifert 2009). There are currently over 70,000 ITS sequences in
GenBank, the NIH genetic sequence database, making it a highly respected geneticallybased fungal species identifier (Seifert 2009).
In this study, ITS primers (ITS3 and ITS4) were used to amplify fungi genes
present in both Typha angustifolia leaves and stems over the course of their senescence
and decomposition (respectively the months of October, March and August) in which
October represents the beginning stages of decomposition and August represents later
stages of decomposition.
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Chapter 3: Methodology
DNA Extraction from Plant Litter
The process of fungal DNA amplification begins with extracting DNA from
lyophilized-ground Typha angustifolia leaf and stem samples from the months of
October, March and August. The stems and leaves samples were obtained from a
freshwater wetland at Independence Lake, Michigan in 2002 and were lyophilized,
ground, and stored frozen at -20˚C. DNA was extracted from 50 mg of litter (leaves and
stems) using Mo-Bio PowerSoil© DNA Isolation Kit (Bärlocher et al. 2009). Following
the protocol, the samples were placed in a PowerBead tube containing a guanidine
thiocyanate solution and beads that facilitate microbial cell lysis. The procedure calls for
tubes to be vortexed for 10 minutes. However, better DNA recoveries were observed
when the samples were placed into a Precellys®24 homogenizer at 60,000 g for 20
seconds six times. Afterwards, 60 µL of solution C1, containing sodium dodocyl sulfate,
was added to the litter and refrigerated for 24 hours. Then the samples were centrifuged
(10,000 x g for 30 s). After centrifugation, the supernatant was placed into a new tube
along with 250 µL of solution C2 (containing acetate) and incubated at 4˚C for 5 minutes
and then centrifuged (10,000 x g for 1 minute). The supernatant that formed after
centrifugation was placed into a clean Eppendorf tube and 200 µL of solution C3, which
is responsible for removing non-DNA organic and inorganic components, was added.
The solution was again incubated at 4˚C for 5 minutes followed by centrifugation (10,000
x g for 1 minute), and the supernatant was placed into a new tube. Then 1.2 mL of
solution C4 containing guanidine hydrochloride was added and vortexed. Afterwards, the
solution was dispensed onto a Spin Filter (a silica membrane) placed in a clean tube and
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centrifuged at 10,000 x g for 1 minute allowing all the solution to pass through the filter.
The DNA is captured onto the filter and does not pass through. Then 500 µL of C5
solution (an ethyl alcohol solution) was placed on the filter and acts to further clean the
DNA obtained. The tube and filter are centrifuged at 10,000 x g for 30 seconds. The filter
was placed into a new tube and the flow through was discarded. Lastly, 100 µL of elution
buffer (Tris aminomethane) was added to the filter, and then centrifuged for 30 seconds
at 10,000 x g. The MoBio PowerSoil© DNA Isolation Kit procedure removes humic
materials, lipids, proteins, and carbohydrates from the samples, causing the final result to
be a 100 µL solution of purified DNA suspended in the elution buffer. The amount of
DNA obtained from each sample was determined through the use of a Thermo Scientific
NanoDrop 2000. For samples containing low amount of deoxyribonucleic acids (less than
20 ng/µL), additional DNA extractions were performed and added to the previous sample
to ensure sufficient quantity and quality of DNA for PCR amplification.

PCR Using ITS Primers
After the DNA was extracted, PCR amplification was performed on all samples
using fungal specific primers ITS3 and ITS4, which prior studies have recommended
(Bärlocher 2010, Bärlocher et al. 2009, Gardes and Bruns 1993, Kennedy and Clipson
2003, Raviraja et al. 2005, Seena and Pascoal. 2010, Seifert 2009). Because GC regions
of DNA have higher melting points, a GC clamp was added to the ITS3 primer, which
prevents single stranded bands from running through the entire gel and drastically
reduces the mobility of the strands during the denaturing gradient gel electrophoresis
(DGGE) run. The primer sequences for ITS3 and ITS4 are illustrated below.
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GCITS3: 5’- GCG CGC GCG CGC GCG CGC GCG CGC GCG CGC GCG CGC GCG
CGC ATC GAT GAA GAA CGC AGC - 3’

ITS4: 5’- TCC TCC GCT TAT TGA TAT GC -3’

A PCR mixture for all the samples was created and 48 µL of the mixture was added to
each of the 2 µL DNA samples. The PCR mixture was composed of: primers (2 µL of
ITS4, 1 µL of GCITS3), 3 µL of 4 mM deoxynucleoside triphosphates (dNTPs), 5 µL of
10x PCR reaction buffer, 3 µL of Taq polymerase, and 25 µL of molecular grade water
per PCR reaction (each DNA sample). The amount of primers, dNTPs and PCR buffer
was added to a single tube followed lastly by Taq Polymerase for all the samples. The
dNTPs form the complementary stands during polymerase chain reaction (PCR) and Taq
polymerase serves as the heat resistant enzyme that catalyzes the synthesis and
amplification of the targeted double-stranded DNA sequence.
During PCR, the sample is exposed to intermittent heat that denatures the DNA
by breaking the hydrogen bonds between the complementary base pairs. The sample,
with the added components (dNTPs, Taq polymerase), was placed in a PCR tube and then
put in a thermocycler which was initially set to 95 °C for 2 minutes for initial denaturing
followed by 35 consecutive cycles at 95 °C for 30 seconds, primers annealing at 55 °C
for 30 seconds, and primer extension at 72 °C for 1 minute and final phase of primer
extension at 72 °C for 5 minutes. Both a negative (containing no DNA) and positive
control (extracted DNA from Saccharomyces cerevisiae) were included during each PCR
run.
16

After PCR, the sample aliquots were loaded and run on a 1% agarose gel (120
volts for 30 minutes) to assess if the DNA in the samples were actually amplified. PCR
products were visualized under UV light after staining (30 minutes) with a ~0.1%
ethidium bromide solution.
Denaturing Gradient Gel Electrophoresis
Denaturing gradient gel electrophoresis (DGGE) analysis was performed using
20% and 60% denaturing solutions. The components of the 20% denaturing solution
include: 4 mL of 50X TAE buffer mixed with 40 mL of 40% acrylamide stock (77.86 g
acrylamide, 2.14g bis-acrylamide in 200 mL of molecular grade water) along with 16 mL
of 100% formamide and a urea (16.8 g) in 200 mL of molecular grade water. The 60%
solution was made using 4 mL of 50X TAE buffer with 40 mL of 40% acrylamide stock,
48 mL of 100% formamide, and a urea (50.4 g ) in 200 mL of molecular grade water).
The solutions were filtered for 10-15 minutes and stored at 4˚C.
To pour the gel, 13 mL of each solution (20% and 40%) was added to one side of
a gradient mixer (CBS Scientific) along with 7 µL of TEMED
(tetramethylethylenediamine) and 70 µL of APS (10% ammonium persulfate in
molecular grade water), which assist in the polymerization of the gel. After the gradient
gel was poured, a stacking gel was made by filling the top of the gel with 1.3 mL of a
acrylamide solution lacking any denaturant (4 mL of 50X TAE buffer, 40 mL of 40%
acrylamide in 200 mL of molecular grade water), 1 µL of TEMED and 7 µL APS. The
gels usually took approximately 2 hours to solidify.
Once the gel had set, it was placed into a Denaturing Gradient Gel Electrophoresis
Analyzer system (CBS Scientific) containing 24 L of 1X TAE buffer. The amount of
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sample loaded was determined based on the intensities of PCR amplified bands observed
on agarose gels. For the leaves and stem ITS samples, each well was filled with ~5-10 µL
of PCR product and 2 µL of loading dye. After the gel had been loaded, the samples were
run at 60˚C at 72 V for 16 hours or until the loading dye has run off the gel. The gel was
then stained with a 0.001% GelStar® Nucleic Acid Gel Stain for 20 minutes and then the
gel was examined under UV light in a Carestream Molecular Imaging System. This
imaging system was used to visualize and identify specific bands associated with the gels.
Because the DGGE gel distinguishes operational taxonomic units (OTUs) based
on band mobility, the samples from each phase of decomposition (October, March and
August) were statistically analyzed for correlation between species diversity and stage of
decomposition. For this analysis, a non-metric multidimensional scaling (NMDS) along
with an ANOVA statistical analysis was used to determine if the stage of decomposition
significantly influenced the OTUs (and ultimately species diversity) present within the
samples. This statistical analysis coupled with NMDS wass able to determine whether
fungal species on T. angustifolia stems and leaves follow succession of species diversity
throughout their senescence and decomposition.
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Chapter 4: Results
The DGGE gels for both T. angustifolia leaves and stems are shown below
(Figures 3 and 4). The loading order for the gel was randomized and is listed in each
figure’s caption. For T. angustifolia leaves, 34 fungal operational taxonomic units were
visualized, while T. angustifolia stem samples held 63 fungal OTUs. Specific bands were
identified based on their mobility and intensity (i.e. distance the bands moved from the
loading wells) using Carestream Imaging Software. Bands within different samples
(wells) of the same mobility indicate that the samples both contain the same fungal
OTUs. It should also be noted that bands with higher intensities indicate higher numbers
of gene copies for that OTU. However, because the amount of fungal DNA within cells
varies from species to species, it cannot truly represent the degree (abundance) to which
that OTU is present.
Once the DGGE bands were analyzed using mobility to indicate OTUs, species
were numbered according to increasing band mobility, and a binary matrix was created
using “0” and “1” to indicate the presence or absence of that OTU within the sample. The
binary matrix was then analyzed using nonmetric multidimensional scaling (NMDS) with
Jaccard index analysis, which organizes data spatially and helps to identify similarities
and dissimilarities between data sets. In this case, the data sets are based on the months
October (early decomposition), March (intermediate decomposition) and August (late
decomposition) to search for similarity patterns among OTUs identified. The NMDS
figures are shown in Figure 5 for T. angustifolia leaves and Figure 6 for T. angustifolia
stems. The areas with green, blue, and red points indicate the October, March and August
data sets respectively.
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A permutation ANOVA analysis was also performed on the data set for both
leaves and stems. Results indicate a significant difference (p< 0.001) in fungal (OTUs)
community structure associated with decaying leaves through time (Table 1), with fungal
species (bands) associated with litter in advanced stages of decomposition (August in red)
being much different from those species observed during earlier stages of decay (October
and March). These results suggest that there is a succession in fungal species between
the early phases (October and March) and the late phases of decomposition (August).

Table 1. ANOVA summary table results indicating the time effect (month) on fungal
communities associated within standing-dead Typha leaves (r2 = 0.435)
Effect

df

Sum of
Squares

Mean Square F Value
Error

Month

2

1.6822

0.8410

Error

14

2.1814

0.1558

Totals

16

3.8636

Probability

5.397

0.001

In contrast, no significant difference in OTUs band patterns were observed for fungi
associated with decomposing Typha stems (p < 0.504), indicating that there is no clear
successional pattern (Table 2). Visually on the NMDS graph (Figure 6), the plots are
scattered among themselves regardless of month and there is not true isolation or
clumping or certain month data points. Therefore, month or decomposition phase (early,
intermediate or late decomposition) does not reveal to changes in OTUs.
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Table 2. ANOVA summary table results indicating the time effect (month) on fungal
communities associated within standing-dead Typha stems (r2 = 0.119)
Effect

df

Sum of
Squares

Mean Square F Value
Error

Month

2

0.671

0.3355

Error

14

4.951

0.3536

Totals

16

5.622

0.948

Probability
0.504

In addition, the NMDS graphs show species vectors indicating the nine most
predominant species (bands) within all the samples. It is important to note that the species
number is arbitrary and based on band mobility in the DGGE gels. Species 4, 5, 20, and
23 in leaves are highly associated with the month of August (late decomposition). Species
13 and 27 appear to be even distributed between all months, and species 17, 25 and 33
are associated mostly with early and intermediate decomposition (October and March).
The same analysis can be done with the NMDS graph for stems although due to no
significance among month, the interpretation is not as clearly explained as leaves.
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Figure 3. DGGE for T. angustifolia leaves. The randomized loading gel is as follows with
month indicating the time in which the sample was taken: (1) Mar, (2) Oct, (3) Aug, (4)
Oct, (5) Mar, (6) Aug, (7) Aug, (8) Aug, (9) Mar, (10) Aug, (11) Oct, (12) Oct, (13) Oct,
(14) Mar, (15) Mar, (16) Mar, (17) Oct, (18) standard with known fungal species.
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Figure 4. DGGE for T. angustifolia stems. The randomized loading gel is as follows with
month indicating the time in which the sample was taken (1) Mar, (2) Oct, (3) Mar, (4)
Oct, (5) Aug, (6) Oct, (7) Aug, (8) Aug, (9) Aug, (10) Oct, (11) Mar, (12) Mar, (13) Mar,
(14) Mar, (15) Aug, (16) Oct, (17) Oct, (18) standard with known fungal species.
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Figure 7. T. angustifolia leaves NMDS graphical analysis using Jaccard index to spatially
organize data based on month. Species vectors of the nine most predominant species are
also present with the vectors pointing to the data set(s) to which it is associated.
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Figure 8. T. angustifolia stems NMDS graphical analysis using Jaccard index to spatially
organize data based on month. Species vectors of the nine most predominant species are
also present with the vectors pointing to the data set(s) to which it is associated.
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Chapter 5: Discussion
The data obtained in the present study reveals a successional pattern in fungal
species associated with Typha leaves throughout decomposition. Fungal diversity as
determined through variations in operational taxonomic units (OTUs) obtained from
denaturing gradient gel electrophoresis (DGGE) analysis shows a clear transition in
fungal species between early (October and March samples) and late (August samples)
stages of litter decomposition. This transition in fungal species may be explained by a
previous study (Kuehn et al. 2011), indicating that significant shifts in leaf litter nitrogen
and phosphorus concentrations occurs throughout Typha leaf senescence and decay. In
addition, it seems plausible that carbon sources will also change throughout litter
decomposition, with labile carbon sources more likely abundant during early stages of
decay followed by more recalcitrant carbon sources (e.g., lignin) during later stages of
decay.
Carbon quality and nutrient concentrations (e.g., nitrogen and phosphorus) may
greatly influence the microbial diversity present on plant litter (Kelly et al. 2010). For this
reason, certain fungal species may flourish during periods of high labile carbon and
nutrient (nitrogen and phosphorus) availability. However, other species that have
specialized enzymes that degrade recalcitrant carbon sources may be better able to
survive under conditions of lower carbon quality and nutrients concentrations. This
situation could lead to a shift in fungal species, with certain species being replaced by
those that are more physiologically adapted to utilize the prevailing quality of the litter
substrate (e.g., species 4, 5, 20, and 23 in leaves according to the species vectors on the
NMDS figure). Changes in litter quality during decomposition likely lead to conditions
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causing increased competition between species and thus the loss of less adapted fungal
species.
In contrast to leaves, I did not observe any marked shift in fungal species
associated with decaying Typha stems, despite that similar changes in litter carbon
quality (labile vs. recalcitrant) and nutrient concentrations likely occur in stem litter as in
leaf litter. Previous studies have indicated that microbial (bacterial and fungal) diversity
depends largely on the chemical composition of the substrate (Kelly et al. 2010). Plant
litter, particularly stems, often contains higher recalcitrant materials that are not easily
broken down, such polyphenolic compounds (i.e., lignin) (Ágoston-Szabó and Dinka
2008, Kelly et al. 2010). As a result, the Typha stem litter, which contains higher
recalcitrant compounds than leaf litter, probably decomposes much more slowly that the
leaf litter. This slower decomposition may cause less variation in carbon and nutrient
availability in the months of October, March and August samples than in the leaf
samples. As a consequence, this might explain the lack of any discernable successional
pattern in fungal species associated with stems.
Interestingly, Typha stem samples contained more fungal OTUs than
corresponding leaf samples. Stem samples contained 63 different OTUs while leaf
samples only contained 34 different OTUs. This large variation in the number of
presumable fungal species present between Typha leaves and stems may also be
attributed to the amount of recalcitrant material and/or nutrient concentrations within the
litter.
Previous studies have noted that high phenolic compounds within litter causes a
decrease in the amount of herbivory from invertebrates present within the environment
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(Kelly et al. 2010). Therefore, the Typha leaf litter may have invertebrates feeding
throughout succession which could possibly compete for nutrients with microbial
decomposers (bacteria and fungi). However, the higher phenolic compounds in stems
would decrease the amount of herbivory, allowing for more fungal species to feed on the
stem litter.
For future research, the predominant species observed through DGGE analysis
can be isolated and placed in a vector for cloning. Through this method, sequencing of
the ITS gene that was amplified can be performed. Once the sequence is determined, it
can be compared to other known species within a genetic database such as GenBank.
Once species are identified, especially in leaf litter samples that showed changes in the
fungal community throughout decay, it may provide additional information regarding a
species niche. This information along with measures of fungal processes (e.g., biomass,
rates of production, respiration) may help us better understand the link between fungal
diversity and organic matter processes in ecosystems. In addition, because many fungal
species in freshwater wetlands have never been assessed via molecular methods, new
species of fungi that were not previously identified through morphological identification
may also be found.
Overall, this study showed that fungal species change throughout the
decomposition of Typha leaves, although no significance change in fungal species
associated with stems were observed. However, future work to identify specific fungal
species present on Typha leaves via cloning and sequencing will be necessary to fully
understand why a succession in fungal species was observed during decomposition. Such
information coupled with information on stem chemical composition may also help
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explain the lack of fungi species changes observed on Typha stem litter throughout
succession.
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